From the roots of Ligularia cymbulifera collected in Yunnan Province, China, two new eremophilane-type sesquiterpenoids (1 and 2) together with ten known compounds (3-12) were obtained through the precise chemical component elucidation. The structure determination was mainly carried out with 1D and 2D NMR data.
In the Hengduan Mountains area of China, the genus Ligularia (Asteraceae) is widely distributed. We are investigating both the inter-and intra-specific diversity of Ligularia species collected in this area based on chemical constituents and evolutionarily neutral DNA sequences [1] [2] [3] [4] .
L. cymbulifera (W. W. Smith) Hand.-Mazz. has large leaves and is distributed in northwestern Yunnan and southwestern Sichuan Provinces of China. Previously, four furanoeremophilane-type sesquiterpenoids and eremophil-1(10)-en-11-ol have been obtained from 13 Yunnan samples by our group [5] , while bisabolane-type sesequiterpenoids have been isolated from Sichuan samples by Gao's group [6] . L. cymbulifera is the most dominant Ligularia species in Shangrila County, Yunnan Province. Although most of Ligularia species in the Hengduan Mountains area showed diversity [2, 3] , L. cymbulifera in Shangrila area was uniform [5] . These observations infers that this species might have relatively shorter history than other Ligularia species. Two of us and co-workers proposed a hypothesis that furanoeremophilane-producing species are ecologically advantageous over eremophilan-8-one-producing species [3] . To understand the ecological superiority of L. cymbulifera, we investigated the precise chemical component elucidation isolated from the roots obtained at Tianshengqiao, Shangrila County, where numerous individuals were growing, and we report here the results.
The dried roots of the sample were extracted with MeOH. The extract was subjected to silica gel column chromatography followed by ODS HPLC to afford two new eremophilane-type sesquiterpenoids (1 and 2) together with ten known compounds (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) [5, [7] [8] [9] [10] [11] [12] [13] [14] , three (3-5) of which had been identified with our report [5] . (Table 1) together with standard 2D NMR spectra, it became clear that the compound 1 had the eremophilane-type sesquiterpenoid skeleton with two methoxy groups and a hydroxy group. From the COSY spectrum and the HMBC correlations with a singlet methyl group (assigned as C-5 methyl) and a doublet methyl group (C-4 methyl), connectivity from C-1 to C-6 was determined. All the skeletal carbon/hydrogen assignments at A/B rings were obtained from the HMBC data that H-6 protons ( H 1.95 and 2.31) were correlated with C-4, C-5, C-7, C-8, C-10, and C-11, and that H-9 protons ( H 1.87 and 2.23) were correlated with C-5, C-7, C-8, and C-10. A hydroxy proton had HMBC correlations with C-1, C-9, and C-10, which showed that the hydroxy group was attached at C-10. An olefinic methyl group at C-11 ( H 1.73) was correlated with C-7, C-11, and C-12, which showed the connection between C-7 and C-11 was a double bond. One methoxy proton ( H 3.16) had an HMBC correlation with C-8, and the other methoxy proton ( H 3.52) had an HMBC correlation with C-12, indicating the former was attached at C-8 and the latter at C-12. The HMBC correlation between H-12/C-8 and the chemical shifts of C-8 ( C 110.6) and C-12 ( C 109.2) showed that both C-8 and C-12 acetal carbons were connected through an oxygen atom. Thus, the planar structure of compound 1 was determined. (8) 2017 Kato et al. (Figure 1) . Thus, the structure of compound 1 was determined as 8,12-dihydro-8,12-dimethoxyfuranoeremophilan-10-ol. Compound 2 had the same molecular formula (C 17 H 28 O 4 ) with compound 1 from HRESIMS. Structural elucidation of 1D and 2D NMR spectra showed compound 2 had the same planar structure with compound 1. More than 1 ppm 13 C chemical shift differences between two compounds (1 and 2) were observed at C-8, C-12, and OMe-12. The NOE correlations Me-15/Me-14, Me-14/OH-10, OH-10/OMe-8, and OMe-8/H-12 showed that Me-15, Me-14, OH-10, and OMe-8 of compound 2 were oriented the same -configurations and OMe-12 was oriented to  (Figure 1) . Thus, the structure of compound 2 was determined as 8,12-dihydro-8,12-dimethoxyfuranoeremophilan-10-ol, a C-12 epimer of compound 1.
Compounds 3-12 were identified as furanoeremophilan-10-ol (tetradymol; 3) [5, 7] , eremophil-1(10)-en-11-ol (4) [5, 8] , 3-angeloyloxyfuranoeremophilan-15,6-olide (5) [5, 9] , eremophila-7(11),9-dien-12,8-olide (6) [10] , 10-hydroxyeremophil-7(11)-en-12,8olide (7) [11] , 10-hydroxy-8-methoxyeremophil-7(11)-en-12,8olide (8) [11] , 1-nor-10-hydroxy-8-methoxyeremophil-7(11)-en-12,8olide (9) [12] , 8,10-dihydroxyeremophil-7(11)-en-12,8olide (10) [11] , eremophila-3,7(11)-diene-12,8(14,6)-diolide (11) [13] , and 11-hydroxyeremophil-1(10)-en-2-one (12) [14] , respectively. Compounds 1, 2, 7-10 are derivatives of tetradymol (3), one of the major components of L. cymbulifera [5] . Very recently, Hao and co-workers reported that sesquiterpenoids, especially tetradymol (3), obtained from L. cymbulifera was phytotoxic, and that the toxic terpenoids might be released in rhizosphere to prevent growth of neighboring plants [15] . From their hot aqueous MeOH extract, compounds 7 and 10 were also isolated and shown to have toxicity [15] . Very similar comopunds with compounds 1 and 2 having OEt-12 group were reported from EtOH extract of L. brassicoides [16] . Our new compounds, 1 and 2, together with compound 8 might also be artifacts generated from the corresponding hemiacetal(s) 13, which has not been detected probably because of the air-sensitive property. Tetradymol (3) is a quite reactive natural product [15, 17] , and the hemiacetal 13 may be an intermediate from 3 to a lactone (10) (Scheme 1).
Scheme 1: Putative oxidation pathway of tetradymol (3).
Even though this is the second report of the isolation of compound 9, this compound is a unique norsesquiterpene having a fivemembered ring as ring A, and the biosynthetic pathway to 9 is an interesting question to be clarified. 
Extraction and Isolation:
The powdered dried roots of the sample (10.2 g) were extracted twice with MeOH (several hundred mL) at room temperature for 2-3 weeks. The MeOH extract was concentrated under reduced pressure to give a residue (3.9 g). A part of the residue (1.6 g) was chromatographed on silica gel (C-200) by the use of a gradient of hexane-EtOAc (from 90:10 to 0:100). The first fraction (47.5 mg) eluted with hexane/EtOAc (70:30), the second fraction (161.5 mg) eluted with hexane/EtOAc (70:30), the fraction (93.7 mg) eluted with hexane/EtOAc (50:50), and the fraction (81.6 mg) eluted with hexane/EtOAc (30:70) were named fraction A, fraction B, fraction C, and fraction D, respectively. 8 mg) , and the fourth fraction (7.1 mg) was also purified by HPLC with MeOH/H 2 O (70:30) to give 1 (0.8 mg), 2 (0.4 mg), 5 [5, 9] (1.3 mg) , and 6 [10] (1.8 mg) .
The fraction B was subjected for C-300 column chromatography two times followed by HPLC purification with MeOH/H 2 O (50:50 or 60:40) to give 7 [11] (1.6 mg), 8 [11] (1.5 mg), and 9 [12] (2.9 mg).
The fraction C was subjected for C-300 column chromatography to give 6 fractions eluted with CHCl 3 /MeOH (99:1). The fourth fraction (26.9 mg) was purified by HPLC with MeOH/H 2 O (60:40) to give 7 (9.7 mg). The fifth fraction (31.1 mg) was also purified by HPLC with MeOH/H 2 O (60:40) to give 10 [11] (4.9 mg).
The fraction D was also subjected for C-300 column chromatography followed by HPLC purification with MeOH/H 2 O (70:30) to give 11 [13] (2.3 mg), and 12 [14] (1.1 mg). 
